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INTRODUCTION 

One i m p o r t a n t  f a c e t  o f  t h e  c h a r a c t e r i z a t i o n  o f  coa l  and coal  der ived  
m a t e r i a l s  i s  t h a t  o f  m o l e c u l a r  we igh t  d e t e r m i n a t i o n .  The i n i t i a l  goal o f  t h i s  
study was t o  s y n t h e s i z e  a s e r i e s  o f  model o l igomers  t h a t  were i n  agreement 
w i t h  the  average s t r u c t u r a l  fo rmulas  o f  some s e l e r t e d  coa l  d e r i v e d  asphal tene 
and preasphal  tene samples as determined by p r o t o n  n u c l e a r  magnet ic resonance 
spectroscopy, e lementa l  analyses and v a r i o u s  oxygen d e r i v a t i z a t i o n  procedures. 
The second goa l  was t o  t e s t  these model compounds a long w i t h  some commercial ly 
a v a i l a b l e  p o l y s t y r e n e  s tandards  as c a l i b r a t i o n  s tandards  for  h i g h  pressure  gel 
permeat ion chromatographic procedures. The r e t e n t i o n  volumes o f  these model 
compounds were cornpal-eci w i t h  those volumes f o r  a group o f  coa l  der ived  
asphal tene and preaspha l tene samples which had been p r e v i o u s l y  i s o l a t e d  by 
p r e p a r a t i v e  g e l  permeat ion  chromatographic techn iques .  

The a p p l i c a t i o n  o f  GPC t o  the  c h a r a c t e r i z a t i o n  o f  coa l  d e r i v e d  m a t e r i a l s  
has been s t u d i e d  by a number o f  researchers  (1 -13) .  Coleman e t  a l .  (2 -3)  
demonstrated t h a t  t h r e e  column packings; s t y r e n e - d i v i n y l b e n z e n e  (Bio-Beads 
S-X4),  c ross-1  i n k e d  p o l y ( a c r y l o y l m o r p h o 1  i n e ) ,  and m o d i f i e d  a1 k y l a t e d  dex t ran  
(Sephadex LH-20) polymers; c o u l d  be used f o r  t h e  GPC s e p a r a t i o n  o f  THF and 
CHL13 s o l v e n t  r e f i n e d  coa l  (SRC) f r a c t i o n s .  Schwager e t  a l .  (1 )  i s o l a t e d  f o u r  

SRC asphal tene f r a c t i o n s  by  p r e p a r a t i v e  techn iques  u s i n g  Bio-Beads SX8.  A 
1 i n e a r  r e l a t i o n s h i p  between t h e  l o g a r i t h m  o f  number average m o l e c u l a r  we igh t  
and r e t e n t i o n  volume was observed u s i n g  an a n a l y t i c a l  p - s t y r a g e l  HPLC column. 
The a n a l y t i c a l  column was c a l i b r a t e d  w i t h  a s e r i e s  o f  a romat ic  hydrocarbons, a 
p o r p h y r i n  and propy lene g l y c o l s  of known m o l e c u l a r  we igh t .  C u r t i s  e t  a l .  (4 )  
s t u d i e d  t h e  c h a r d c t e r i s t i c s  o f  an SRC (Amax) u s i n g  GPC techniques. The 
s e p a r a t i o n  employed t h r e e  p - s t y r a g e l  columns u s i n g  THF as t h e  s o l v e n t  and was 
c a l i b r a t e d  w i t h  a s e r i e s  o f  p o l y e t h y l e n e  g l y c o l  and v a r i o u s  p o l y n u c l e a r  
aromat ic hydrocarbon standards.  Sephadex LH-20 has a l s o  been used t o  
f r a c t i o n a t e  t h e  hexane s o l u b l e  p o r t i o n  o f  t h e  p y r i d i n e  e x t r a c t  f rom a Sorachi  
coa l  (5). Khan ( 6 )  compared t h e  use o f  GPC and vapor p ressure  osmometry (VPO) 
t o  o b t a i n  m o l e c u l a r  w e i g h t  da ta  f o r  t he  hexane s o l u b l e  p o r t i o n  o f  t h r e e  H-coal 
l i q u i d s .  Two packings, p o l y v i n y l a c e t a t e  ( F r a c t o g e l  PVC 500) and s ty rene-  
d iv iny lbenzene copolymer (Toyo Soda, G2000H10) were used as a n a l y t i c a l  
columns. C a l i b r a t i o n  o f  t h e  columns was accompl ished by VPO measurement o f  
number average m o l e c u l a r  w e i g h t  i n  t o l u e n e  o f  p r e p a r a t i v e  s c a l e  f r a c t i o n s  
o b t a i n e d  f rom a F r a c t o g e l  column. 

A l l  o f  t h i s  work has demonstrated t h a t  t h e  q u a n t i t a t i v e  i n t e r p r e t a t i o n  o f  
GPC chromatograms r a i s e s  two problems. F i r s t ,  t h e  response o f  t he  d e t e c t o r  
must remain cons tan t  on a p e r  we igh t  b a s i s  over  the  m o l e c u l a r  range ( i . e . ,  
t y p e  and d i s t r i b u t i o n  of chromopores must be c o n s t a n t ) .  A constancy o f  uv 
absorbance p e r  gram f o r  a s e r i e s  o f  SRL m a t e r i a l s  has been r e p o r t e d  i n  work by 
Ruud ( 9 ) .  However, t h i s  p o i n t  needs t o  be i n v e s t i g a t e d  more thorough ly .  A 
second problem, wh ich  is  t h e  f o c u s  o f  t h i s  paper,  i s  t h e  e s t a b l i s h m e n t  of t h e  
response curve  w i t h  s u i t a b l e  c a l i b r a t i o n  standards.  



EXPERIMENTAL 

M a t e r i a l s  
Po lys ty rene s tandards  used t o  o b t a i n  t h e  r e f e r e n c e  GPC curve  were 

ob ta ined from Polysciences, Inc .  Other  s tandard  compounds were syn thes ized 
from s t a r t i n g  m a t e r i a l s  o b t a i n e d  f rom v a r i o u s  commercial sources (14) .  
S o l v e n t  r e f i n e d  l i g n i t e  (SRL) samples produced a t  460"C, 27.6 MPa (4000 p s i g )  
u s i n g  syn thes is  gas were o b t a i n e d  f rom t h e  Grand Forks  Energy Technology 
Center and s o l v e n t  f r a c t i o n a t e d  t o  o b t a i n  asphal t e n e  and preasphal  tene 
f r a c t i o n s  (15) .  The l i g n i t e  used was f rom a N o r t h  Dakota seam, Beulah th ree .  

P r e p a r a t i v e  Scale GPC 
The SRL asphal tenes and preasphal tenes were f u r t h e r  separated u s i n g  a 

50 mm i d  x 120 cm a l a s s  column Dacked w i t h  Bio-Beads S-X3 (200-400 mesh) 
s t y r e n e - d i v i n y l  b e n g n e .  P r i o r  t b  GPC s e p a r a t i o n  a l l  t h e  SRL samples were 
a c e t y l a t e d  i n  o r d e r  t o  c o n v e r t  t h e  hydroxy l  s i t e s  t o  t h e i r  a c e t a t e  forms. 
F r e s h l y  d i s t i l l e d  t o l u e n e  o r  p y r i d i n e  was used as t h e  s o l v e n t .  T y p i c a l  
a n a l y t i c a l  GPC chromatograms o f  an aspha l tene sample o b t a i n e d  f r o m  t h e  
p r e p a r a t i v e  column a r e  presented  i n  F i g u r e  1. Elemental  analyses o f  t h e  
f r a c t i o n s  werc performed by  Spang M i c r o a n a l y t i c a l  L a b o r a t o r y  and number 
average molecu la r  w e i g h t s  were determined i n  o u r  l a b o r a t o r y  u s i n g  a Wescan 
Model 117 Vapor Pressure Osmometer. I n  normal runs,  2-3 c o n c e n t r a t i o n s  over 
t h e  range 1 t o  50 g/kg o f  p y r i d i n e  were employed f o r  e x t r a p o l a t i o n  t o  i n f i n i t e  
d i  1 u t i o n .  

A n a l y t i c a l  Scale GPC 
A n a l y t i c a l  s c a l e  GPC analyses (HPLC) were c a r r i e d  o u t  u s i n g  t h r e e  10 nm 

and one 50 nm u - s t y r a g e l  columns i n  s e r i e s ,  w i t h  THF (UV grade, E u r d i c k  and 
Jackson) as t h e  m o b i l e  phase. A Labora tory  Data C o n t r o l  Model 1205 UV M o n i t o r  
was used as t h e  d e t e c t o r  (254 nm) and a Waters Model UK6 i n j e c t o r  was used t o  
i n j e c t  samples of about 10 ~1 a t  10 mg/rnl. Samples were f i l t e r e d  across a 
0.5 Urn m i l l i p o r e  f i l t e r  p r i o r  t o  i n j e c t i o n .  The f l o w  r a t e  was u s u a l l y  
ma in ta ined a t  1.0 mL/min t o  p r e v e n t  p ressures  i n  excess o f  1000 p s i g .  

RESULTS AND D I S C U S S I O N  

The d e t e r m i n a t i o n  o f  t h e  number average m o l e c u l a r  we igh ts  o f  t h e  
asphal tene and preaspha l tene SRL f r a c t i o n s  by vapor p r e s s u r e  osmometry (VPO) 
makes i t  p o s s i b l e  t o  e s t a b l i s h  t h e  exper imenta l  r e l a t i o n s h i p s  between e l u t i o n  
volume i n  t h e  a n a l y t i c a l  GPC and m o l e c u l a r  we igh t .  Band broadening o f  t h e  
peaks as shown i n  F i g u r e  1 i s  a f u n c t i o n  o f  t h e  number o f  t h e o r e t i c a l  p l a t e s  
o f  t h e  column and t h e  p o l y d i s p e r s i t y  o f  t h e  sample. The column system was 
found t o  have 7,500 p l a t e s  when u s i n g  pyrene i n  THF. The p o l y d i s p e r s i t y  
r a t i o s  (Mw/Mn) o f  t h e  SRL samples were measured u s i n g  commercial p o l y s t y r e n e  

f o r  c a l i b r a t i o n  o f  t h e  molecu la r  w e i g h t  and r e t e n t i o n  volumes assuming a 
l i n e a r  response. The p o l y d i s p e r s i t y  r a t i o  f o r  each o f  t h e  p o l y s t y r e n e  
standards was 1.3. The range o f  p o l y d i s p e r s i t y  va lues  o f  t h e  SRL f r a c t i o n s  
was found t o  be 1.05 t o  1.3. 

F i g u r e  2 shows a p l o t  of t h e  l o g a r i t h m  o f  m o l e c u l a r  w e i g h t  versus 
r e t e n t i o n  volume f o r  t h e  p o l y s t y r e n e  standards,  t h e  a c e t y l a t e d  SRL asptial tenes 
and preasphal tenes and a s e r i e s  o f  o l i g o ( a r y 1  e t h e r s )  and o l i g o ( a r y 1  
methylenes) from 170-570 g/mole. A n e a r l y  l i n e a r  r e l a t i o n s h i p  was found 
p r o v i d e d  t h e  a r y l  m o i e t i e s  were benzenoid. However, d e v i a t i o n s  f rom l i n e a r i t y  
were observed f o r  b o t h  model compounds and SRL samples c o n t a i n i n g  more 



condensed a r o m a t i c  n u c l e i  ( i . e . ,  naphthalene, phenanthrene and pyrene). 
Substances c o n t a i n i n g  l a r g e r  a romat ic  n u c l e i  were found t o  e l u t e  t o o  l a t e  f o r  
t h e i r  m o l e c u l a r  we igh t .  The l e n g t h  p e r  m o l e c u l a r  w e i g h t  o f  these compounds i s  
l ess  than a benzenoid molecu le  o f  t h e  same we igh t .  Because o f  t he  smal le r  
s ize  these compounds e l u t e  a t  a l a t e r  t ime.  The f r a c t i o n  o f  a romat ic  carbons 
present  as edge carbons (Haru/Car) was measured by p r o t o n  nmr t o  be 0.63 t o  

0.90 f o r  t h e  aspha l tenes  and preasphal tenes. C a l c u l a t e d  va lues  o f  Haru/Car 

f o r  t h e  model compounds ranged f rom 0.67 t o  1.0 and f o r  t h e  po lys ty rene 
standards were 1.0. Those SRL samples w i t h  Haru/Car r a t i o s  g r e a t e r  than 0.70 
gave n e a r l y  a c o i n c i d e n t  l i n e a r  p l o t  w i t h  the  p o l y s t y r e n e  standards as shown 
i n  F i g u r e  2. 

P h i l i p  and Anthony (12 )  have shown t h a t  when THF i s  used as a mobi le 
phase species capable o f  hydrogen bonding r e s u l t  i n  e l u t i o n s  corresponding t o  
l a r g e r  mo lecu la r  s i z e  and s m a l l e r  r e t e n t i o n  volumes. We observed t h i s  e f f e c t  
p a r t i c u l a r l y  f o r  200-300 g/mole model compounds c o n t a i n i n g  a p h e n o l i c  hydroxyl  
group. P h i l i p  and Anthony (12 )  a l s o  observed t h a t  r i g i d  molecules such as 
p o l y n u c l e a r  a romat ics  have s m a l l e r  m o l e c u l a r  s i z e s  and t h u s  l a r g e r  r e t e n t i o n  , 

condensed aromat ic  o l igomers  so we can b e t t e r  match t h e  Haru/Car values o f  the 
c a l i b r a t i o n  standards and t h e  coa l  d e r i v e d  l i q u i d s .  

CONCLUSIONS 

- volumes. The p r e s e n t  d i r e c t i o n  o f  o u r  research  i s  t o  p repare  a se r ies  o f  

Po lys ty rene,  01 igo(pheny1 e t h e r s )  and/or 01 igo(pheny1 methylenes) are 
s u i t a b l e  GPC c a l i b r a t i o n  standards f o r  most d e r i v a t i z e d  SRL asphal tenes and 
preasphal tenes. More condensed aromat ic  o l igomers  ( i  .e., c o n t a i n i n g  
phenanthry l  and p y r e n y l  m o i e t i e s )  may be r e q u i r e d  f o r  a c c u r a t e  GPC 
d e t e r m i n a t i o n  of t h e  m o l e c u l a r  w e i g h t s  o f  SRL samples w i t h  low Haru/Car 

( h i g h l y  condensed a r o m a t i c s ) .  The SRL samples must be d e r i v a t i z e d  t o  b lock  
f r e e  -OH groups and p r e v e n t  i n t e r a c t i o n  w i t h  t h e  GPC s o l v e n t ,  THF. 
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F i g u r e  2.  GPC c a l i b r a t i o n  p l o t .  X = p o l y s t y r e n e  s tandards;  

o = SRL samples w i t h  Haru/Car 1. 0.70; + = model 

compounds wi th liaru!Car L 0.63 and n i t h o u t  p h e n o l i c  

-OH; o = moddl compounds w i t h  H aru/Car L 0.89 and 

w i t h  p h e n o l i c  -OH. 
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F i g u r e  1. HPLC GPC chromatograms o f  a c e t y l a t e d  SRL 
preasphal  tenes separated b y  p r e p a r a t i v e  GPC. 
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